The objective of this study was to determine and compare the levels of amino acids (AAs) in breast and thigh muscles of six species of feathered game of the same age. The experiment involved the following species: wild turkey (Meleagris gallopavo), guinea fowl (Numida meleagris), chukar partridge (Alectoris chucar), Japanese quail (Coturnix coturnix japonica), common pheasant (Phasianus colchicus) and grey partridge (Perdix perdix). The highest content of AAs was found in the chukar partridge (breast:
INTRODUCTION
Nutritional value of feathered game meat has traditionally been considered high for significant levels of quality proteins and low fat levels. There is little exact knowledge to support this statement, though, mainly as concerns amino acid levels in the feathered game meat. The works published by Straková et al. (2006) , Brudnicki et al. (2012) and Franco and Lorenzo (2013) are some of the few available studies providing a detailed account on amino acid composition of breast and thigh muscles of pheasants. Other studies document high dietary value of pheasant meat mainly because feathered game consumes natural nutrients (Uherová et al., 1992; Hofbauer et al., 2010; Nuernberg et al., 2011) . There are known data on chemical composition of meat of wild pheasants in comparison to farm bred pheasants (Tucak et al., 2008) , and about differences in amino acid levels (AAs) in muscles of pheasants and broiler chickens (Straková et al., 2006) . Uherová et al. (1992) and Nuernberg et al. (2011) document that feathered game, including pheasant, show higher concentrations of essential amino acids (EAAs) and favourable profiles of the beneficial fatty acids.
Composition and quality of poultry meat are affected by numerous factors, including bird genotype (Le Bihan-Duval, 2004) , slaughter age (Franco et al., 2012a (Franco et al., , 2012b and finishing feeding treatment as the key factor. On the other hand pheasant gender does not affect physical and chemical properties of their meat (Kuzniacka et al., 2007) . Several authors studied chemical composition of various parts of partridge body (Gaglianone Moro et al., 2006) , slaughter value of quails, effect of gender on indicators of yield and slaughter value of quails with the conclusion that separate breeding of genders may be more beneficial (Kul et al., 2006) . Effect of the size of groups of quails on feeding parameters and slaughter value was studied (Seker et al., 2009) together with the effect of supplementation of L-carnitine in quail diet on growth, slaughter value and composition of quail meat (Sarica et al., 2005) . Nutritional and sensory value of quail meat was also studied (Bednarczyk et al., 2007) , as well as the level of nutrition and its effect on production and slaughter indicators in chukar partridge (Özek et al., 2003) and the effect of the number of animals per cage on their slaughter characteristics (Esen et al., 2006) . Breeding of guinea fowl (Numida meleagris) was studied for the effect of abundance (density) on their slaughter characteristics (Nahashon et al., 2009) , or guinea fowl genotype, gender and breeding temperature effect on slaughter characteristics and meat quality (Bazea et al., 2001) . Clearly the so far published works mainly deal with breeding of individual feathered game species (group size, effect of gender, nutrition level), indicators of their yield and slaughter value and maybe also meat composition and quality.
The purpose of the present work was to collect data on amino acid levels in breast and thigh muscles of six feathered game species of the same age, determining their biological and dietary value and meat taste, and compare potential differences. There is no other work of a similar orientation available so far.
MATERIALS AND METHODS
Six wild feathered game species, including wild turkey (Meleagris gallopavo), guinea fowl (Numida meleagris), chukar partridge (Alectoris chucar), Japanese quail (Coturnix coturnix japonica), common pheasant (Phasianus colchicus), and grey partridge (Perdix perdix), were bred under identical conditions in an accredited facility designed for this purpose of the University of Veterinary and Pharmaceutical Sciences in Brno. The studies feathered species were kept separate in aviaries with free access to drinking water and complex ration for feathered game feeding. One kilogram of diet contained 135 g water, 145 g N-containing substances, 39 g fat, 27 g fibre, 98 g ash, 3.5 g methionine and.15.5 Cu mg, 65.0 mg vitamin E, 15276 IU vitamin A, 3000 IU vitamin D3, ethoxyquin, butylated hydroxyanisole, butylated hydroxytoluene and endo-1-4-beta-xylanase.
At the age of six months, before release for hunt, 10 clinically healthy and balanced individuals of each species were selected, 5 hens and 5 cocks. The selected chickens were slaughtered and identical samples of breast and thigh muscle were taken from the left half of the body. The muscle tissue was homogenised and dried at 105 °C under prescribed conditions and dry matter content was specified by weighing. Amino acid levels were specified in the dry matter by acid hydrolysis of the muscle with 6N HCl at 110 °C for 24 hours in an automated amino acid analyser AAA 400 (by Ingos a.s., Prague, CR), on the basis of colour-making reaction of amino acids by ninhydrine test (oxidisation agent). The following amino acids were determined: asparagic acid (Asp), threonine (Thre), serine (Ser), glutamic acid (Glu), proline (Pro), glycine (Gly), alanine (Ala), valine (Val), methionine (Met), isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), histidine (His), lysine (Lys) and arginine (Arg).
As water level in muscle varies and is affected by a number of factors, AAs concentrations are measured in the dry matter for more accurate and mutually comparable results. The results were processed by methods of mathematical statistics using Unistat SW, version 5.6 for Excel. Evaluation of the mean values and their differences was performed by multiple comparisons using Tukey-HSD test, on significance levels of P ≤ 0.01 and P ≤ 0.05. Every indicator is defined by mean value (x) and standard deviation (± SD).
RESULTS AND DISCUSSION
AAs levels in breast and thigh muscle of the studied feathered species are shown in Tab. I. The result evaluation disregarded gender of the birds as the analysed samples did not show any significant differences between genders in AAs levels. The fact that gender does not affect physical and chemical properties of meat is further confirmed by Kuzniacka et al. (2007) . However, separate breeding of quail by gender has been shown to be possibly more beneficial with regard to yield and slaughter value (Kul et al., 2006) .
The achieved results show that there are differences in AAs levels both among individual feathered species and between breast and thigh muscle. Thigh muscle, in comparison to breast muscle, is characterised by lower levels of both essential and non-essential amino acids.
Most analysed dry matter samples of all species showed lower EAAs values in thigh muscle in comparison to breast muscle and the tested difference was statistically significant (P ≤ 0.05) to highly significant (P ≤ 0.01). The only exception was represented by muscle of chukar partridge, where except for AAs Val (P ≤ 0.05) and His (P ≤ 0.01), the differences in individual amino acid levels were statistically insignificant. This also corresponds to the data summarised in Tab. II. Franco and Lorenzo (2013) noted significant differences between breast and thigh muscle of pheasant in relation to four EAAs (Leu, Lys, Phe and Val) and in all NAAs, except for glutamic acid and Gly. The comparison of AAs levels in breast and thigh muscle of six feathered species was performed in the same age of the animals and following the same diet feeding.
In all species the highest levels of NAAs in both breast and thigh muscle (g/kg) were represented by Glu (100.7-112.2, or 89.2-114.9) and ). The highest levels of EAAs were represented by and , which is in full accord with data published by Franco and Lorenzo (2013) . On the other hand the lowest levels of AAs were measured for ). Apart from minor exceptions (Pro) the highest levels of all measured AAs, in both breast and thigh muscle, were found in chukar partridge.
The highest difference between breast and thigh muscle in all six studied species was found in His (range 48.8 to 57.6 %), with statistical significance of the difference in all cases (P ≤ 0.01). This agrees with previous findings in broiler chickens and pheasants (Straková et al., 2006; Franco and Lorenzo, 2013) . Histidine is component of carnosine and anserine in addition to beta-alanine. These di-peptides perform an important role as antioxidants, increasing oxidisation stability of the muscle (Chan and Decker, 1994) , with buffer effect on lactic acid, maintaining muscle pH under strain and acting as anti-glycation agents (Haug et al., 2008) . Higher levels of histidine in breast muscle of birds may be expected to be related with this activity of carnosine. This assumption is also indirectly supported by the fact that anserine and carnosine were found in higher concentrations I: Mean levels (x ± SD) of amino acids in dry matter of breast and thigh muscle of six feathered species (g/kg)
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Perdix perdix BM -Breast muscles, TM -Thigh muscles a:b -statistically significant difference (P ≤ 0.05) between values for breast and thigh muscle of the given feathered species A:B -statistically highly significant difference (P ≤ 0.01) between value for breast and thigh muscle of the given feathered species in white muscles in comparison to red muscles (Chan and Decker, 1994) .
Evaluation of the results of amino acid analysis in breast and thigh muscles leads to the conclusion that there are significant differences in individual amino acid levels among individual feathered species. The highest levels of both EAAs and NAAs were measured in the muscle of chukar partridge where also the individual amino acid levels were different from the other species studied by us. Hence both breast and thigh muscle of this species can be considered most nutritionally valuable. The high slaughter quality of the meat of chukar partridge was also pointed out by Özek et al. (2003) and Esen et al. (2006) .
Amino acid levels in thigh muscle were statistically significantly lower in all studies feathered species (P ≤ 0.05; P ≤ 0.01) when compared to breast muscle (Tab. II). The only exception is against represented by the statistically insignificantly lower values in chukar partridge. The lower total amino acid levels were affected by the statistically highly significantly lower (P ≤ 0.01) levels of EAAs. This allows for the deduction that breast muscle is nutritionally more valuable that thigh muscle, which also corresponds to the results of analysis of chemical composition of feathered game meat (Suchý et al., 2009) . For total NAAs levels the difference between breast and thigh muscle, except for grey partridge, was tested as statistically insignificant. Exceptional in comparison to the other species was chukar partridge, with the highest levels of total AAs in both breast and thigh muscle (815.71 and 771.44 g / kg, respectively), the highest levels of non-essential (370.30 and 373.41 g/kg, respectively) as well as essential (445.41 and 398.03 g/kg, respectively) amino acids (Tab. II).
Some AAs significantly contribute to the taste of the meat, others affect its aroma, and yet others are responsible for taste intensity, the umami (Colombo, 1975; Fujimura and Kadowaki, 2006) . The specific taste receptor for umami taste-mGluR4 was discovered in 2000 as perceiving glutamic acid or its salts (glutamates) contained in the meal. A significantly higher level of glutamic acid in breast muscle of farm pheasants in comparison to wild birds was noted by Brudnicki et al. (2012 BM -Breast muscles, TM -Thigh muscles Σ AAs -total amino acid levels Σ NAAs -total levels of non-essential amino acids Σ EAAs -total levels of essential amino acids a:b -statistically significant difference (P ≤ 0.05) between values for breast and thigh muscle of the given feathered species A:B -statistically highly significant difference (P ≤ 0.01) between value for breast and thigh muscle of the given feathered species (100.7 -112.2 g/kg) as well as thigh (89.2 -114.9 g / kg) muscle of all studies feathered species. Arg levels in both breast and thigh muscle were above the average of AAs in all studied species, which confirms findings of Brudnicki et al. (2012) , who recorded higher levels of Arg in farm pheasants in comparison to wild pheasants. Arg is precursor of nitric oxide in the body and contributed to immunological processes. According to Kirimura et al. (1969) Arg has a bitter and slightly sweet taste, Ser is sweet and sour with umami, glutamic acid is sour and umami, Ala is sweet with a hint of umami.
Meat of wild pheasant is characterised by higher levels of Tyr. This fact is not without significance for consumers for Tyr is precursor of neurotransmitters such as adrenalin, noradrenalin and dopamine, performing major roles in brain and tissue function (Brudnicki et al., 2012) .
Our results bring new and extend existing knowledge on quality of muscle protein in six feathered game species bred under European conditions. They further support findings pointing out high slaughter value of feathered game, especially common pheasant (Tucak et al., 2008; Franco and Lorenzo, 2013) , grey partridge (Gaglianone Moro et al., 2006) , quail (Seker et al., 2009; Bednarczyk et al., 2007) , guinea fowl (Nahashon et al., 2009 ) and chukar partridge (Özek et al., 2003; Esen et al., 2006) . It may be said that with regard to AAs feathered game muscle is a significant source of quality protein, especially for its higher levels of essential amino acids. From the same point of view breast muscle is more valuable than thigh muscle. Knowledge of amino acid representation in feathered game muscle at the same time informs about effect of some AAs on meat taste and may also be used for assurance of optimum nutrient intake in farm breeding.
